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Abstract 
A sustainable environment should be considered through the preservation of built heritage 
and upgrade of its energy efficiency. Historical buildings, as being part of our cultural 
heritage will always constitute a major proportion of our surroundings. Their protection and 
upgrade should be a written law in the name of responsibility and respect towards our history. 
Retrofit is a “must” because of the already existing large inventory of buildings which have 
vast quantities of embodied energy and thus extending their useful life makes more than 
sense. Unfortunately though, historical buildings are energy wasteful and thus need to be 
adapted to current needs and standards. Listed heritage buildings form a particular category 
of this stock and their retrofit needs and potential are more complex and need special 
attention. [1] 
 
Buildings consume significant amounts of energy (embodied and operational) and thus 
present significant saving potential. [2] Combining this fact with a holistic approach 
regarding energy and environment, appropriate measures can be drawn for the existing’s 
building stock retrofit, putting emphasis on the microclimate and how it influences the 
building’s energy performance. After all, in a long term perspective, retrofit naturally pays 
back owners and users translated to lower operational expenses, better thermal and visual 
comfort and subsequently better quality of life. In the case of work spaces and educational 
buildings it is translated also to higher productivity and work achievements. 
 
This research presents the issue of retrofitting historical buildings through the literature 
(existing examples from other countries) and proposes a methodology to approach the matter 
in Greece through the parameters of green factor in outdoor spaces as well as the surface 
materials used. The results of the literature review point to strategies for interventions on the 
historical building while the case study aims to define the potential measures that can be 
applied to the external environment of the building. The study focuses on Vila Allatini, a 
historical building protected by strict legislation framework. [3] The main target is to 
familiarize us with the effect of microclimate on the building’s energy performance. 
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1 Introduction 
A significant percentage of the building stock we will be using in the coming years and 
decades is already built, albeit according to old standards. Hence, the majority of the building 
stock is characterized by poor energy performance, implying high energy consumption, 
contributing to the vicious circle of the rising price of energy, the economic and political 
instability, the huge amounts of greenhouse gas emissions and the decisive impact on the 
climate and environment which are deteriorating. It is apparent that there is an urgent need 
for green retrofitting of existing buildings contributing eventually to a sustainable future. 
Sustainability is simply translated to a great potential for energy conservation hence lower 
expenditures for heating and cooling and better thermal comfort conditions. 
 
On the one hand, more recent buildings (1970s on) usually present less of a problem due to a 
relatively simple and conventional envelope design (either concrete, blocks/bricks and 
windows or glass curtain walls), construction and detailing. On the other hand, there are 
buildings constructed before 1945, commonly defined as historical or listed buildings that 
present a number of challenges as far as their upgrade is concerned since very often they 
constitute part of the cultural heritage.   
        
Some of the heritage buildings are characterized by bioclimatic features, in case that the 
architect was inspired and insightful enough to create a specific architectural structure and 
use smart and durable materials. Many of them also, are typically sited in large plots with 
landscaped green open space surroundings contributing to an ameliorated microclimate. If 
these structures exist for tens and sometimes hundreds of years without any major 
intervention, it must be considered how better they can perform if efficiency measurements 
are applied. 
 
Another challenge lies in the fact that these buildings usually constitute governmental or 
educational institutions, museums or art galleries and thus are frequented by large numbers of 
people creating high energy needs – heating and cooling loads. This is a great “violation” for 
the building’s energy performance, since many of these buildings were originally intended 
and designed as single family residences (albeit, often with an extensive contingent of 
servants).  
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Once buildings are identified to be listed buildings, significant constraints are applied 
because of the specific legislation under which the preservation requirements and guidelines 
limit the freedom of retrofit, primarily on their envelope, not least because of the original 
façade articulation and detailing. For this reason, retrofitting solutions for the building will be 
presented through the literature. A simulation analysis will focus on the surroundings of this 
historical building, where there is more freedom for measures to be taken, still under the 
framework of not interfering with a negative manner to its aesthetics. 
 
Last but not least, as mentioned before, the majority of the existing buildings will continue to 
be used in the future. Hence we realize that we must focus attention on reducing energy use 
in in order to cut GHG emissions and achieve sustainability, rather than constructing new 
buildings, an energy intensive process in itself.  
 
If such idiosyncratic and very specific buildings and their outdoors can be retrofitted and 
redesigned respectively, while preserving their character, then most other more recently 
constructed buildings can be easily retrofitted as well. A methodology for this approach is 
going to be presented and demonstrated through a specific case study. Vila Allatini is chosen 
for this research after verifying that it fulfills all the aforementioned challenges and since it is 
one of the most attractive listed buildings in Thessaloniki. [4] 
 
1.1 Objective and Scope 
The aim of this dissertation is to broaden the knowledge of the interaction between the 
outdoor surroundings and the building’s energy performance and their upgrade through 
appropriate interventions while preserving its architectural character and complying with the 
legislation in force. This is a complex task and requires the analysis of several aspects. 
 
The procedure to be followed involves some preliminary actions in order to fulfill an 
adequate audit at both the building and its outdoors in order to familiarize us with its current 
energy dynamic and its future potentials. Also, data are presented regarding the consumption 
of a reference year (2014) in electricity, natural gas and water.  
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A simulation is conducted with the use of the simulation tool ENVI-met 3.1 [5] in order to 
evaluate the complexity of outdoor environments, climate parameters, vegetation, surfaces 
and structures constantly interacting with each other. A simulation scenario is presented 
followed by discussion regarding its results.  
 
Following is a brief presentation of the phases of the study. 
 
Phase 1: Study of the legislation framework under which interventions on listed buildings are 
acceptable and can be applied. 
 
Phase 2: Literature review of concepts related to the aim of the study such as thermal 
comfort, bioclimatic design, Heating, Ventilation, and Air Conditioning (HVAC) system 
integration and Indoor Environmental Quality (IEQ), microclimate and building materials.  
 
Phase 3: Building study and analysis. Geographical location, site analysis, architectural 
characteristics, materials characteristics and properties, mechanical equipment for heating 
and cooling, number of occupants, energy and water consumption as expressed in bills, 
detailed record of vegetation. 
 
Phase 4: Simulation of the outdoor site in ENVI-met 3.1, identification of weaknesses and 
suggestions for its enhancement. Theoretical approach of integration measurements for the 
retrofit of the building. Theoretical approach of the assessment of the viability of energy 
efficiency measurements with the economic criteria of (NPV) Net Present Value, (IRR) 
Internal Rate of Return and Payback Period (PBP).  
 
Phase 5: Conclusions and potential for further development and implications. 
 
1.2 Structure 
Chapter 1 constitutes the introductory part where the scope and the main objective of the 
dissertation are presented as well as the structure and organization of this thesis. 
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Chapter 2 is a theoretical part where there is a reference to the specific Government Gazettes 
that identify and define the study building as a listed one and the summary of the legislation 
framework concerning acceptable integration measurements for listed buildings for energy 
efficiency.   
 
Chapter 3 presents background information about energy consumption in the building sector, 
its environmental consequences and microclimate parameters that influence the building’s 
energy performance and the user’s quality of life. It also includes literature review on urban 
microclimate and thermal comfort principles and a presentation of energy saving measures 
aimed to improve the overall energy efficiency of the building.  
 
Chapter 4 is the analytical presentation of Vila Allatini including brief information about the 
region where it is located and the building’s special historical background. After visiting Vila 
Allatini and surveying the building’s interior and exterior environment, there are photos 
presenting site plans, orientation, building plans and sections, details and materials, details 
about its size (surface, height, and volume), its openings and thus its way of natural -or not- 
ventilation, its mechanical installations covering its heating and cooling demands and the 
vegetation at the outdoor environment. 
 
Chapter 5 introduces the building energy simulation technique and software that is used, 
ENVI-met 3.1 which is a holistic microclimate modelling system. Also, they are presented 
the simulation limitations, the simulation process, the simulation scenario and the 
temperature measurements taken of the envelope of the building via thermography.  
 
Chapter 6 presents the results of the simulations.  
 
Chapter 7, presents a theoretical approach of the economic analysis of retrofit methods and 
how this estimates the investment payback period for each energy-saving retrofit method. 
The concept lies in the fact that the shorter the payback period due to savings vis-a-vis the 
corresponding costs for the upgrade, the more feasible the retrofit.  
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Chapter 8, the last part, is the conclusion of the research. The results of the simulation are 
discussed and further recommendations are proposed as a hope that this case study will be the 
trigger for a more extensive study of the topic and the opportunity for further research. 
 
2 Legislation Framework 
This chapter presents the main points of Greek legislation that defines the context in which it 
is possible to carry out any intervention on listed buildings, stating that any intervention must 
not alter the nature and style of such buildings. Also, legislation regarding the energy 
efficiency of buildings. In Greece, the building sector, compared to other European countries, 
is of poor standards due to the lack of appropriate regulation in the past, especially for 
buildings erected before 1979 when thermal regulation was first implemented. In order to 
improve the existing situation, the Regulation of Energy Performance of Buildings (KENAK) 
[6] was issued in 2010 in order to define a formal energy audit procedure in Greece. For this 
reason, this chapter also presents the basic concepts of the Regulation of Energy Performance 
of Buildings (KENAK) and more specifically the technical directive T.O.T.E.E. 20701-1 / 
2010 [7] which establishes the national standards for all parameters required for the 
implementation of the energy performance of building’s calculation methodology, since for a 
retrofitting issue is essential. Preserving listed buildings is not only a cultural requirement, 
but proof of economic and general development for the country as well. Historical and listed 
buildings are alive examples of culture and give a unique character in every city. 
 
2.1 Legislation Regarding Historical Buildings 
The building of Region of Central Macedonia is located at Vasilisis Olgas Avenue 198, 
Thessaloniki and it is listed as a historical building and thus should be treated in special 
manner according to Law 3028 [3] , for the following reasons:  
 
a) The building is of special architectural and morphological character. 
b) It is a sample of eclectic architecture with elegant and ornate features, linked to the history   
of Thessaloniki. 
c) It has special structural elements of traditional architecture. 
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d) It contributes to the promotion of the image of the urban landscape. 
 
According to the same document specific conditions and construction restrictions have been 
established.  
1. Defining a building as listed prohibits any removal, alteration or destruction of their 
architectural or decorative elements and generally any intervention undermining the 
architectural character and nature of its form. 
2. The document allows the repair, modernization of facilities, collaboration and state 
support, intervention in internal building layout for functional reasons, but without altering 
the architectural and morphological character and principles of its composition. 
3. It also allows the repair of finish materials and facades and the reconstruction of sections 
of any decorative elements that may have been partially or totally destroyed, restoring them 
to their original form, following a detailed study and any other possible documentation of the 
initial situation authorized and approved by the Urban Planning Committee and by the 
Ministry of Macedonia-Thrace, provided that it will not cause any damage to the listed 
building or to its outdoor surroundings.  
4. The installation of illuminated or non-illuminated signs and advertisements on the roofs 
and facades of the listed building are prohibited. Only the installation of small-scale signs to 
indicate its use is permitted. 
5. Any operation inside or outside the listed building, any installation of signs, must be first 
approved by the Committee of Urban and Architectural Control and approved by the 
appropriate Environment and Infrastructure Department of the Ministry of Macedonia-
Thrace.  
 
Further on, in accordance with Article 45, par.2, Law.4030 / 11 [8], the Board of Architecture 
in each regional section is in charge of all the decisions. The following part gives a brief 
description of the main points that should be taken into account when there is an intention of 
intervention on listed buildings. 
 
Under Article 6 of the Regulation of New Construction [9] for interventions or additions to 
listed buildings or new buildings in estates that are listed, supplementary specific building 
conditions and restrictions of use are applied so as not to corrupt any element that has 
characterized it as listed. By decision of the Minister of Environment, Energy and Climate 
18 
 
Change the type of procedure and general modalities of implementation of this provision can 
be specified. Also by decision of the Minister after consulting the Central Architecture Board 
may be established a) specific terms and restrictions on intervention on listed buildings and b) 
transitional provisions on the status of those buildings already classified as listed. Specific 
requirements and restrictions can also be defined for any property that is adjacent to the listed 
buildings or in areas which adjoin with them, for the protection and promotion of listed 
buildings. 
 
According to par. 7 of Art. 6 by decision of the Minister of Environment, Energy and Climate 
Change construction may be suspended for up to two years, in regions or their parts, in areas 
outside of the regions or individual buildings within or outside the region, the issuance of 
Building Permits, any occasion of erection of a new building, demolition, addition and 
configuration of public spaces, or imposing conditions on the performance of such work in 
order to prepare an urban study or special building regulation on the protection of cultural 
heritage. The suspension may be extended for another year if the studies have considerably 
progressed. 
 
Finally, listed buildings may undergo addition of electromechanical equipment after the 
approval of the Architecture Council. In case of interventions in existing listed buildings or 
buildings that are of remarkable architectural interest and were erected before the Thermal 
Insulation Standards, and thus they should preserve their character, morphology and their 
possible historical significance, it is allowed not to apply all Regulation of Energy 
Performance in Buildings Sector specifications, following the decision of the Architecture 
Council, issued at the request of the owner and accompanied by an explanatory technical 
report of the required interventions occurring from the energy study. 
 
2.2 Legislation Regarding Energy Efficiency of Buildings 
In order to improve the existing situation, the Regulation of Energy Performance of Buildings 
(KENAK) [6] was issued in 2010 in order to define a formal energy audit procedure in 
Greece. For this reason, this chapter also presents the basic concepts of the Regulation of 
Energy Performance of Buildings (KENAK) and more specifically the technical directive 
which establishes the national standards for all parameters required for the implementation of 
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the energy performance of buildings calculation methodology, since for a retrofitting issue is 
essential. (T.O.T.E.E. 20701-1 / 2010) [7] 
 
3 Literature Review 
Numerous studies have been done in developed countries on the efficiency of retrofit 
methods applied to different types of public buildings in different regions. This particular 
research refers to the retrofitting of historical buildings for energy efficiency combining the 
fact that the case study building is also public. The basic difference between this particular 
case study and others is the holistic approach, regarding all the parameters contributing to the 
general quality of occupant well-being and not only one aspect of the building’s performance. 
A special attention as aforementioned is given at the retrofit of the surrounding area of the 
building because of the time but more importantly legal limitations opposed to the retrofit of 
this listed building. In this chapter the concepts identified in the introductory chapter are 
further developed and there are references to a number of relevant studies that have been 
carried out, all this combined in a proposal of a methodology to approach this issue in 
Greece.  
 
3.1 Urban Microclimate and Thermal Comfort 
3.1.1 Urban Heat Island 
At city centers usually occur higher temperatures than in the surrounding rural areas. This 
phenomenon is known as the Urban Heat Island (UHI) effect and is created due to the last 
decade’s urbanization. The urban heat island provokes unpleasant sensations to the dwellers 
especially during summer periods where the temperatures are greatly increased in comparison 
with the winter periods.  
 
The urgent need for the UHI to be tackled lies in the vicious circle of the phenomenon to 
provoke greater necessity of cooling in the buildings, increasing hence the energy demands 
and finally deteriorating the climate change issue.  
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Among others, the UHI effect is the result of the accumulation of concrete and asphalt 
surfaces, materials that are capable of absorbing great amounts of heat in comparison with 
other materials. Also, the lack of vegetation and green areas in the cities lower the 
evapotranspiration and hence the sensation of cooling. Below at subchapter 3.1.2 the effect of 
vegetation will be further analyzed. The density of the buildings and the traffic pollution are 
contributing to the creation of this phenomenon as well. 
 
The increase in urban temperature and the alteration of other parameters that are influenced 
by the UHI phenomenon such as wind patterns, precipitation rate and humidity levels have 
deteriorated outdoor and indoor thermal comfort conditions. [10] [11] 
 
3.1.2 Green and the Influence on Microclimate 
The urban microclimate is also influenced by vegetation since trees and green spaces have an 
effect on air temperatures and humidity levels in an urban area. This issue is what will be 
analyzed and simulated at chapter 5. Vegetation can help mitigate the UHI phenomenon by a 
number of ways. First of all by reducing air temperatures. Also, by shading building elements 
of urban structures and thus moderating solar heat gains, by reducing conductive and 
convective heat gains because of lower dry-bulb temperatures achieved through 
evapotranspiration, by converting incident solar radiation to latent heat and last but not least 
by absorbing solar radiation for photosynthesis[12]. Plants absorb, reflect and transmit part of 
the solar radiation through their foliage [13], [14]. The most appropriate trees for urban areas 
are deciduous trees since during the summer they can absorb solar radiation, they can shade 
building elements and thus reduce temperatures. On the contrary, during winter, solar 
radiation should be permitted to reach the ground for a pleasant warm feeling for urban 
dwellers and warm building structures to reduce heating needs for buildings. Trees reduce air 
temperature and cool the surrounding area through this process. For the evaporation of one 
gram of water, 590 calories of energy are needed. [14] 
 
Construction materials used in the urban fabric do not only have great heat capacity and 
conductivity but they are also impermeable, leading to lower levels of humidity due to the 
higher temperatures and water runoff. Plants can affect the air humidity through the 
respiration process [14]. During this process the plants absorb atmosphere pollutants, energy, 
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elements from the soil and water and produce organic matter and at the same time emit 
oxygen to the atmosphere [14].  
 
The trees could also regulate and control wind flows. The coefficient of friction is high 
enough to help them reduce wind speeds and protect certain areas from unpleasant winds 
[14]. For this reason it is significant to plant the trees in the appropriate place for desirable 
results. 
 
Concluding, it is obvious that vegetation can actually reduce the urban heat island 
phenomenon. Plants absorb, reflect and transmit characteristically greater than most urban 
structures. They shade urban structures and buildings and influence the air temperature and 
the energy consumption. What makes them a better solution than man-made shading is that 
they are living organisms and so evapotranspire and thus further reduce air temperature. 
Furthermore, plant soil retains humidity and evapotranspires itself. Last but not least, plants 
absorb large amounts of solar radiation. [15] 
 
3.1.3 Green and the Influence on Thermal Comfort  
The rise in urban population combined with the limited green areas and vegetation, the 
quality of life in urban areas has decreased. Green areas upgrade the environmental 
conditions of urban areas. They change the landscape and upgrade the health and 
psychological conditions of urban dwellers. The urban microclimate and hence the thermal 
comfort conditions in outdoor spaces, the noise pollution and lighting conditions, the air 
quality, are all influenced by vegetation.  
 
The climatic variables that describe the microclimate of an urban area are mainly 
temperature, humidity, solar radiation, wind speed and pressure. The urban microclimate is 
strongly correlated with thermal comfort and is an indicator of human thermal comfort. In 
order to improve human thermal comfort in urban outdoor areas it is important to improve 
outdoor thermal comfort conditions by upgrading the quality of outdoor spaces. According to 
the aforementioned there are measures to be taken and hence improve the urban micro-
climate, thermal comfort conditions and in turn the quality of outdoor spaces. These measures 
can be the following such as suitable shading or insolation, wind protection or suitable use of 
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local wind patterns, materials and colors used on surfaces, green areas and vegetation and use 
of water features for cooling purposes. 
 
Nevertheless, thermal comfort is not only influenced by the climatic variables. Physical and 
psychological parameters have an influence on the thermal comfort levels as well. Physical 
parameters influencing thermal comfort are activity level of the individual, thermo-physical 
properties as well as clothing. [16], [17] 
 
3.2 Retrofitting Historical Buildings for Sustainability 
Building services account for 40% of the industrialized countries’ energy consumption and 
16% of water consumption. They account for 20% of global CO2 emissions and 36% of CO2 
emissions in the EU. While new buildings in industrialized countries’ generally need less 
than three to five liters of heating oil per square meter per year, older buildings consume 
about 25 liters on average. Some buildings even require up to 60 liters. [2] 
 
Currently, about 35% of the EU's buildings are over 50 years old. By improving the energy 
efficiency of buildings, we could reduce total EU energy consumption by 5% to 6% and 
lower CO2 emissions by about 5%. [2] The political strategy in Europe, in 2009, has set 
“green” sustainable development as one of its main overarching policy initiatives. The main 
pillar of all the efforts towards achieving the EU target of improving energy efficiency is 
Directive 2006/32/EC, transposed into Greek legislation by means of Law 3855/2010. Under 
this Directive and, by extension, the aforementioned Law, the National Energy Efficiency 
Action Plans (NEEAPs) provide a framework for the development of a strategy at national 
level, to further improve energy end-use efficiency through the implementation of concrete 
measures and policies in the various energy end-use sectors. [2] 
 
Various studies have been carried out to evaluate ways of retrofitting the existing building 
stock. More specifically, there has been an extensive review in studies that are implicated 
with the issues of energy efficiency in historic buildings for sustainability, which is this case 
study.  
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Note: After the indication of common retrofit measures, the subchapters will refer only to 
measures applicable to historical buildings and that have proved to be profitable enough 
taking into account the payback periods. 
 
3.2.1 Common Retrofit Measures 
Buildings consume energy for heating, air conditioning, lighting, power equipment, and daily 
maintenance. The most important part regarding retrofitting is to identify and confront 
current energy issues and finally improve energy efficiency. According to the problem 
solving category of a building’s energy performance, there are various energy retrofit 
methods. Among others, below are presented the most common based on literature review. 
[18] [19] [20] [21] [22] [23] [24] [25] [26] [27] 
 
First of all, energy consumption can be reduced by improving the thermal insulation 
properties of enclosures and the tightness of doors and windows. Also, the improvement of 
the efficiency of building equipment such as cooling-heating sources, HVAC systems, energy 
distribution systems and lighting systems. At this sector it could be added the improvement of 
automatic control systems in order to optimize control strategies. Of course the use of 
renewable energy sources is vital when there is possibility of integration. A very important 
issue to be solved is to raise the appropriate awareness of energy conservation and to 
encourage energy conserving behaviors. As it will be analyzed at subchapter 4.3, the 
occupant’s behavior may greatly enhance or ameliorate the situation regarding consumption 
issues. Hence I believe this must be considered as one of the common retrofit methods. Last 
and more importantly, since the building’s energy demand is strongly affected by the urban 
microclimate (UMC), rural area’s microclimate is completely different from urban ones like 
my case. The urban heat island (UHI) effect that it was analyzed in detail at chapter 3.1.1, the 
air temperatures are higher. At the same time wind speeds are lower because of the height of 
the buildings. This in turn can cause a great energy demand for space cooling in buildings.  
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3.2.2 Thermal Insulation Properties 
Thermal insulation reduces heat loss in winter, overheating of space in summer and protects 
supporting the building from external conditions and severe temperature stresses. A thermally 
insulated building is comfortable, longer-lasting and contributes to environmental protection. 
One of the requirements for designing energy efficient buildings is good knowledge of 
thermal properties. Heat losses through the construction depend on the composition of 
elements, orientation and thermal conductivity. Potential savings can reach up to 70% for 
heating energy costs. 
 
3.2.2.1 Windows  
Window is the most dynamic part of the building envelope. It acts as a receiver letting solar 
energy through as well as protecting building from external influences and heat loss. Heat 
losses through windows can reach up to 50% of heat loss in buildings and they are usually up 
to ten times higher than those through walls. Because of that, energy efficient windows can 
contribute significantly to the energy consumption decrease. Common low cost energy 
efficiency measures that are taken regarding windows are the replacement of single glass 
with double insulated low emission glazing. (Recommended U<1.2 W/m2K), the sealing of 
windows and outside doors reducing heath loss through windows by installing curtains and 
shutters. 
 
3.2.2.2 Roof Insulation 
Heat losses through roof cover approximately 10-30 % of the total building heat losses and 
they play a very important role in thermal comfort and inner space of the building. 
Inappropriate thermal insulation of the roof space causes big heat losses in winter and 
overheating in summer, which an even bigger problem. 
 
3.2.2.3 Thermal Insulation of External Walls 
Heat losses through envelop can reach up to 60% of the total heat loss in buildings. Thermal 
insulation of walls on buildings under monumental protection is usually done from the inside 
to avoid changes on the facade of the building because of its architectural value. Researches 
has shown that with 4cm. of internal thermal insulation there can be energy saving of up to 
30%.  
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It must be stated though that unfortunately there are some problems related to the internal 
thermal insulation installment. From the physical standpoint, performance of thermal 
insulation of external walls from inside is inappropriate and often more expensive because of 
the additional problems of diffusion of water vapor, the more stringent requirements in terms 
of security against fire, the lack of usable space. Another reason why the installation of 
thermal insulation on the inside walls is not good in the physical sense is because even 
though insulating values are improved, heat flows in the walls change significantly causing 
the main loadbearing walls to become colder. Therefore, special attention should be given to 
the performance of a vapor barrier in order to prevent condensation and the appearance of 
mold. Also, heat should be insulated in partitions that are connected with the outside wall. 
 
3.2.3 Energy Systems 
Energy systems in heritage buildings usually provide great improvement in energy efficiency 
without or with minimal interference with cultural value of the building. This is because 
energy systems are often limited to interior of the building. However, energy efficient energy 
systems alone cannot achieve significant energy savings (except lighting system) if outer 
envelope of building is in poor shape. 
 
3.2.3.1 Lighting System 
Refurbishment of the lighting system is a very cost-effective measure with the usual payback 
period of less than 12 months (in some cases even less than 6 months) and with energy 
savings that can reach up to 85% if new lighting systems and methods are implemented. For 
example, replacing old fittings with new T5 lamps in a building that uses outdated T12 
fluorescent lighting achieves significant energy reduction. Apart from improving lighting 
quality in the space this provides a 50% energy reduction even before the installation of 
lighting controls. 
 
3.2.3.2 HVAC System Installation 
The HVAC is an acronym for heating (H), ventilation (V) and the air conditioning (AC) and 
comprising various active mechanical and electrical systems used to achieve the thermal 
control of buildings. An air-conditioning system according to ASHRAE (American Society 
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of Heating, Refrigeration and Air Conditioning Engineers) is a combination of components 
which should control air temperature, humidity, circulation and quality. An HVAC system 
should be properly designed so as to minimize possible costs and energy needs, and it needs 
to be periodically thoroughly maintained. Regular maintenance is very important as it 
increases system efficiency and prevents the risk of health problems of the occupants. 
 
3.2.4 Regulation Systems 
Heating is responsible for as much as 60% to 80% of total energy use. With inadequate and 
incorrect heating system control settings a large proportion of the energy consumed by 
heating is possible to be wasted. Implementation of simple energy saving measures for the 
purpose of avoiding overheating can cut heating costs by up to 30%. When refurbishing and 
upgrading a heating system, time and temperature control need to be carefully considered. A 
well-controlled system will ensure that the heating system only provides heat when and 
where it is required in order to achieve desired temperatures. Therefore, the selection of 
appropriate controls plays a key part in the overall running costs of a heating or hot water 
system. Generally, upgrading controls on older heating systems, for example, can save over 
15% on energy consumption when fitting a full set of controls to a system which previously 
had none. Controls can reduce energy use by reduction of heating requirements and by 
increasing system’s efficiency. 
 
Reducing heating requirements can be achieved by reducing the time when the heating is on 
and set temperature. Lowering heating temperatures by just 1°C can save between 5 and 10% 
of total energy consumption for heating. Heating control refers to the control of water 
temperature flowing from the boiler to consumers basically by firing control and sequence 
control with multiple boilers, to the control of air temperature to maintain minimum required 
level of comfort usually by wall thermostats and thermostatic radiator valves and control of 
time and period when the heating should be turned on usually by 24-hour dial time switch 
and seven-day programmable thermostats. 
 
3.2.5 Behavior of the Occupants  
The most important factor contributing to the energy efficiency of a building is the 
occupant’s behavior. Users may act in a positive or a negative way regarding the overall 
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energy consumption including heating, cooling and lighting. Therefore, the application of 
energy efficient techniques and systems should be complemented by actions expecting 
responsible behavior.  
4 Vila Allatini and Surroundings 
Chapter four describes the case study building and its surroundings. It reviews its architecture 
features, orientation, description of the space, as well as other main features that are 
significant for the purposes of this dissertation. 
 
4.1 Historical Background 
 
Figure 1 Old picture of Vasilisis Olgas region estimated year of capture (1960) [28] 
 
Moving east, along the road Manolis Andronikos after Vasileos Georgiou Street, we find one 
of the most historic streets of Thessaloniki. The Vasilisis Olgas - “Las Campañas”, Εξοχές - 
was one of the most elegant areas of the city housing rich families from the late 19th century.  
 
Things changed with the Second World War. Modernization of the city and increase in the 
building rate occurred. The tram and the cobblestone road were dismantled (1957) and paved 
with asphalt. The degradation of the area began as financial difficulties led the owners to sell 
initially parcels of land and later the mansions. The landscape changes permanently after the 
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embankment of the beach in the early 1960s. The indented coastline disappeared, most 
houses were sacrificed in favor of reconstruction which started in 1958 and peaked in the 
1960s, in conditions of ignorance and indifference for the earlier architectural heritage, 
described below.  
 
Some restored mansions retain their glamor and sophistication, others are crumbling and it is 
doubtful whether they will survive. Most of these originally residential buildings were saved 
because they became public. It was the most expensive real estate that could be purchased 
only by public services.  
 
Many of the historical buildings have been rescued after strenuous efforts to restore them 
(Villa Mordoch, Villa Kapantzis, Villa Bianca), while others sadly still wait for a second 
chance after several decades (Mansion Salem and others).  
 
Today many art exhibitions, cultural centers and historical institutions are reminiscent of the 
beautiful multicultural past of the city, with its many architectural ornaments. A bit of old 
Thessaloniki, which is still alive despite the passage of time. Among the historical buildings 
is my case study, Villa Allatini. 
 
 
Figure 2 Old picture of Vila Allatini, estimated year of capture (1960) [28] 
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4.2 Architecture and Eclecticism 
Vitaliano Poselli’s buildings, span the period 1870-1910, among them Vila Allatini, were 
built during a period that eclecticism in Europe had already matured, and constitute samples 
of pluralism whilst preserving the Western style of architecture, industrial revolution and Art 
Nouveau. It is in reality, a mix of the worth of the old technique and the trust in modern. 
 
Eclecticism was used to indicate cosmopolitanism and modernization with elements from 
Central and Western Europe, which mix different styles to create something original. 
Structural forms, motifs and styles define a creative mixing. The buildings are characterized 
by symmetry, monumental-majestic style, rich and vibrant sculptural decoration and 
colorfulness. 
 
 
Figure 3 Recent photo of Vila Allatini, back façade across Vasilisis Olgas street [29] 
 
Vila Allatini is a three floor symmetrical building with basement. One central cubic-shaped 
volume and two projection volumes, added in 1929 as aforementioned, which stand 
symmetrically to the central volume angles. As the floor plans will demonstrate further 
below, the building shapes the Greek letter Π. It is located in the center of a particularly large 
plot and  
it stands out for its red brick construction (Figure 4). 
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There are two stairways leading to the upper floors (Figure5). The building’s vertical 
structure is clearer with the side projections of main building, the central axis defined by the 
staircase and the balcony on the second floor. Each floor is visually separated from the others 
by small decorative bricks and all the openings are situated symmetrically in relation with the 
entrance axis.  
 
The building’s construction is distinguished in two main phases, the construction of the 
original central part in 1888 and the addition of two wings in 1929. The maintenance and the 
repair of the building is distinguished in two phases as well, its first repair in 1948 after the 
damages caused during World War II, and its second repair in 1978 following a devastating 
earthquake. 
 
The walls are made from solid exposed bricks and the three stories are supported by a steel 
beam horizontal construction. The floors were originally made from wood which was 
reinforced with steel beam elements during its first repair in 1948 and with reinforced 
concrete during its second repair in 1978. The roof is wooden, covered with French 
(Marseille) style tiles. [4], [28] 
 
Figure 4 Cross section of the building [30] 
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Figure 5 Photo of the interior of the building, staircases [29] 
 
 
Figure 6 Architectural details on the main façade [29] 
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Figure 7 Red solid brick walls [29] 
 
Figure 8 Roof of Vila Allatini, red tiles [30] 
 
4.3 Survey of Vila Allatini and Surroundings  
Vila Allatini is located on Vasilisis Olgas Avenue 198 (NL 40°35’34.6” EL 22°57’21.7”). 
[31] A visit to the study area was essential in order to collect the necessary information and 
photographs. This contributed to a more accurate and integrated view of the site of the 
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building’s location, its current situation regarding its construction and surroundings and its 
mechanical installations.  
 
 
Figure 9 Satellite image of Vila Allatini and surroundings, investigation building in the red circle [31] 
Vila Allatini is surrounded by four big streets, and since it is located quite centrally in the 
city, these usually are congested during daytime creating noise, pollution and general 
discomfort for the users of the area. It is situated in a densely built area. More specifically the 
building’s main façade faces Georgiou Papandreou Str., the north side view faces Ploutonos 
Str., the south side view faces Moshonision Str. and lastly the back façade faces the big 
Avenue of Vasilisis Olgas.  
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Figure 10 Distant satellite image of Vila Allatini, urban space, building in the red circle [31] 
 
 
Figure 11 Site plan of Vila Allatini [32] 
 
The main volume of the building houses offices. More specifically, in the basement there are 
9 offices, on the ground floor there are 13 offices, on the first floor there are 18 and on the 
second floor there are 18 as well. The total floor area is 2.151,5  and the total volume of the 
building is 8.605,925  .  
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Table 1 Allocation of volumes and surfaces of Vila Allatini 
Space Surface (  ) Height (m) Volume (  ) 
Basement 539 3.95 2,129.05 
Groundfloor 537.5 4.70 2,526.25 
1
st
 floor 537.5 4.25 2,284.375 
2
nd
 floor 537.5 3.10 1,666.25 
Total 2,151.5  8,605.925 
 
Following are the floor plans of the building:  
 
 
Figure 12 Basement floor plan of Vila Allatini [30] 
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Figure 13 Ground floor plan of Vila Allatini [30] 
 
 
Figure 14 1
st
 floor plan of Vila Allatini [30] 
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Figure 15 2
nd
 floor plan of Vila Allatini [30] 
 
The official operation of the building starts at 07:00 and ends at 17:00. During the winter the 
energy consumption starts at 05:30 in order to set acceptable indoor thermal conditions. [33] 
The temperature is set to be 22  while occupied and it decreases to 18  while unoccupied. 
This is the winter performance. Nevertheless it must be taken into account that the thermostat 
is accessible by the stuff and they can change the set-point at the level they desire whenever 
they want. Also, it is installed at a non-heated space and thus it is difficult to obtain the 22  . 
Both the aforementioned must be confronted. It is a way of diminishing future consumptions 
of energy when the indoor temperature turn uncomfortably cold if there is no heating system 
on at all. During the weekends the thermostat is set to 18  as well. During the summer there 
is no thermostat for set point temperature in function.  
 
The personnel uses air conditioners that are installed in their offices during the summer. Of 
course there is no control of the personnel’s behavior as far as the green economy is 
concerned. After some observations during both winter and summer, there was incidents 
where the windows, the air conditioning and the central heating were on at the same time. 
From the information taken about the personnel’s thermal comfort sensation, the general 
reaction was positive even though the thermal comfort sensation, as aforementioned, is 
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subjective. [33] Despite this fact, it must be taken into account that the set-point temperature 
of 22  belongs to the limits of the physiological thermal comfort model. In terms of climatic 
conditions the acceptable ambient temperature of comfort would be slightly higher in the 
summer than in the winter, being 23–27°C and 20–25°C, respectively. [33] Also, the adaptive 
thermal comfort is calculated on the basis of the outdoor monthly average and thus can be 
even lower according to the information given at chapter four, regarding the climatic data. 
[34] This means that according to Table 9, the set-point could be changed to 21  or even 
20  during the winter months.  
 
For the heating and cooling purposes the building consumes electrical energy and natural gas. 
There are in total 58 air conditioners and 111 central heating radiators to cover occupant 
needs for thermal comfort. Also, across halls and in offices there are in total 15 ceiling fans. 
The air conditioners are wall mounted or floor standing units. There is no hot water demand 
(HWD) system, except from one tankless hot water heater system. The official number of 
occupants is 153 which is the personnel of the building. Last but not least, there are 10 fan 
coils but they are no longer in use. 
 
Figures 16-21 below show in detail the above information. 
 
 
Figure 16 Ground mounted air conditioner 
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Figure 17 Radiator and small exhaust fan 
 
 
Figure 18 Central cooling system 
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Figure 19 Boiler room, central heating system 
 
 
Figure 20 Data center room 
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Figure 21 Corridor, fluorescent tubes, ceiling fans, fan-coils 
 
The data center room is located at the basement (Figure 20), in the part of the building that is 
no longer in use so that there is no special need for thermal comfort conditions since this 
room is completely isolated. Otherwise the thermal loads that it creates could provoke huge 
consumption of energy in order to sustain thermal comfort conditions. 
 
The insulation of the building is only based on its initial construction. The roof, the massive 
bearing wall construction, the windows and the surrounding environment, the yard of the 
building. The windows are single glazed with wooden frames contributing to heat losses from 
the interior of the building to the exterior and heat gains from the exterior to the interior of 
the building. 
 
As far as the shading is concerned, internally, in most of the windows there are manually 
adjustable vertical blinds and in some offices there are curtains, whilst externally there are 
manually adjustable shutters. The ventilation of the building is essentially natural since there 
are many openings in all of the building’s facades, but there is also some mechanical 
ventilation, exhaust air fans, for about 10% of the offices.  
 
42 
 
Only 10% are still fluorescent tubes. The rest of the lighting is provided by LED lamps, both 
inside and outside the building, including the ones that illuminate the surrounding garden.  
 
As for the electric and mechanical systems, I was informed that after the renovation that took 
place at the Cultural Center of the Prefecture, some of the central systems were upgraded in 
order to be used by Vila Allatini as well in the future. Such systems are the fire extinguishing 
system with water tank and associated pumping stations, as well as the electricity generator. 
Another issue which is very important and quite relevant with the aforementioned is the 
installation of the bulky water coolers in the surrounding area of the building. Since air-
conditioners already exist and at the same time the interference with the façades of the 
building is a reality, it is crucial to maintain the aesthetics of the building by using the area 
provided for the water coolers of the Cultural Center with the ones of Vila Allatini.  
 
As mentioned before, a holistic approach regarding the building’s energy performance, 
always takes into account the surroundings. The surrounding area is related with issues such 
as the building’s ability to overcome forces due to wind and snow, solar gains due to sunlight 
or noise and vibration due to nearby sources. With the bioclimatic and green building 
concepts, not only microclimate outdoor issues will be considered , but will try also to 
integrate them further in this study into the fundamental design and operation of the building. 
Similarly, such integrations will raise the quality of the indoor microclimate to account for 
occupant comfort, satisfaction, and productivity.  
 
After an observational walk around the building data were collected regarding the paving 
materials and the vegetation.  
 
First of all, the vegetation is not tall enough to shade adequately the building’s fenestration. 
Also they are distant from the building, about 30 meters away, around the four sides of it, and 
only some of them shade adequately up to the first floor. This means that both during the 
winter and summer, when the weather is very hot or very cold, windy or sunny, there is a 
huge amount of loads passing inside the building. Also it must be taken into account the 
problematic issue of shading with vegetation and the fact that some of the plants surrounding 
the building are not deciduous. They are evergreen, meaning they shade in winter as well and 
thus block the sun rays, the thermal loads that it would provide, translated into more use of 
energy consumption for heating purposes. The ground is paved with grey concrete slabs at the 
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main entrances of the building and, as mentioned before, with cement and plain screed and loose 
gravel all around it. Last but not least there is not an official parking area for buildings users 
and occasional visitors. All the cars are parked around the building where there is free space 
within the plot.  
 
Figures 22-25 below present the current situation.  
 
 
Figure 22 Main façade, tree does not provide adequate shade, cement slabs 
 
 
44 
 
Figure 23 Main façade, cement slabs, inadequate shade 
 
Figure 24 Medium height trees, inadequate shade 
 
 
Figure 25 Medium height bush, inadequate shade 
 
Despite the aforementioned facts that need to be taken into consideration and be confronted, 
there are also positive aspects regarding the surrounding of the building. 
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The ground around the building is half covered with plain screed and loose gravel and half 
covered with plain soil and grass. The cement only covers some parts of the ground, less than 
10%, which are the little paths that lead to the green areas and are covered with cement 
paving stones. 
 
The green areas are a combination of trees, bushes and herbaceous plants. 80% of the trees 
are pine trees following Chamaerops humilis trees. There are also bushes such as Erica 
manipuliflora, Origanum sp. and Lavandulas. Lastly, there are small round flower beds 
covered with herbaceous plants such as pansies, petunias and Bellis perennis. 
 
Figures 26-31 below, illustrate the surroundings of the building with vegetation.  
 
 
Figure 26 Vila Allatini garden, 30 m. from the back façade 
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Figure 27 Vila Allatini garden, 30 m. from the back facade 
 
 
Figure 28 Vila Allatini garden, 20 m. from the back façade 
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Figure 29 Vila Allatini garden, 20 m. from the back façade 
 
Figure 30 Back façade of Vila Allatini 
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Figure 31 Vila Allatini garden, 30 m. from the back façade [29] 
 
 
 
 
4.4 Electricity Consumption 
Heating and cooling needs of the building are covered by electricity and natural gas.  
Information related to the electrical energy consumption, the natural gas consumption and the 
water consumption was collected and is presented below.  
 
Vila Allatini is a low voltage C22 professional class consumer. According to Regulation of 
Energy Performance of Buildings Sector (KENAK) [6] Thessaloniki belongs to climatic zone 
C. The climatic zones are defined on the basis of the Heating Degree Days in accordance to 
the national regulation for the Energy Performance of the Building Sector (KENAK) [6], 
Zone C (1601–2200 HDD). [35] Data collection concerns the year 2014. 
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Figure 32 Monthly consumption of electricity of the building [kWh] 
 
Table 2 Monthly consumption of electricity of the building 
Months kWh kWh/(  ) 
   
January 41,440 19.2 
February 23,720 11.02 
March 29,980 13.9 
April 10,760 5 
May 8,520 3.9 
June 23,960 11.1 
July 29,200 13.5 
August 30,320 14.09 
September 25,280 11.7 
October 27,120 12.6 
November 26,720 12.4 
December 31,040 14.4 
Total 308,060 142.81 
 
According to the graph (Figure 33) the biggest electricity consumption is observed in 
January. No official answer has been given by the building personnel though that justifies this 
huge difference. Probably there has been an extensive use of air conditioning combined with 
the central heating system due to the deterioration of the weather conditions. Also we observe 
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that the lowest electricity consumption is during May and April. We can translate this 
difference into lesser use of lighting and air conditioning since the daylight and the good 
weather conditions did not demand such an electricity overuse.  
 
Figure 35 below, gives some statistics regarding the aforementioned. More specifically, the 
hottest day of 2014 was June 26, with a high temperature of 37°C. The hottest month of 2014 
was August with an average daily high temperature of 33°C. The coldest day of 2014 was 
December 28, with a low temperature of -2°C. The coldest month of 2014 was January with 
an average daily low temperature of 5°C. Lastly, we observe that during the other months the 
electricity consumption ranges between the same levels with a maximum of 20 % difference.  
 
Since it is a public service, according to the law, 50% of the personnel must always be 
present working. More specifically for the Region of Central Macedonia, from the 
information I gathered, the building is always open despite Christmas- New Year, Easter, and 
summer vacation periods and only 10% maximum of the personnel is absent due to vacation 
periods. This means that no huge differences in the electricity and gas consumptions should 
be observed. 
 
 
 
Figure 33 Daily low (blue) and high (red) temperature during 2014. The bar at the top of the graph is red where 
both the daily high and low are above average, blue where they are both below average, and white otherwise. 
[36] 
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Table 3 Monthly economic cost of electricity consumption (Euros) 
Months € 
  
January 6,857.69 
February 4,308 
March 5,418 
April 1,990 
May 1,805 
June 4,049.21 
July 5,610 
August 5,788 
September 4,834 
October 5,196 
November 2,050 
December 5,659.47 
Total 53,565.37 
4.5 Natural Gas Consumption 
The prices concern 2014 and professional class consumers according to Natural Gas Supply 
Company of Thessaloniki. 
 
 
Figure 34 Monthly consumption of natural gas [kWh] 
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Table 4 Monthly consumption of natural gas consumption 
Months kWh kWh/(  ) 
   
February  61,365.746 28.5 
March 33,919.434 15.7 
April 23,742.071 11.03 
Total 119,027.251 55.23 
 
According to Table 4 above we can observe the huge energy consumption during February 
and compared with Figure 33 above we assume that the electricity consumption decreased 
probably because the personnel turned to the central heating system to obtain the appropriate 
thermal conditions. The rest of the months no natural gas was consumed at all. 
 
 
 
 
Table 5 Monthly economic cost of natural gas consumption 
Months € 
  
February  3,489.87 
March 1,919.84 
April 1,182.83 
Total 6,592.54 
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4.6 Water Consumption 
 
Figure 35 Water consumption (c.m) 
 
Table 6 Water consumption 
Months c.m. 
January-April 1,258 
May-August 1,123  
September-December 2,732 
Total 5,113 
 
A difference in water consumption is observed the third term of the year. From the 
information I gathered, this difference may be due to two factors. Firstly because the Water 
and Sewage Company of Thessaloniki mismanage the water bills and thus it creates 
confusing water bills that should be paid retrospectively. Secondly, the water supply network 
is the old water supply network, sometimes leakages occur and thus create a problem of 
waste of water. Both problems are unable to solve so far, as mentioned. 
 
Table 7 Cost of water consumption 
Months € 
January-April 1,242 
May-August 1,704 
September-December 4,053 
Total 6,999 
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4.7 Climatic Data 
Table 8 Climatic data of Technical Directive 3, 24hour, Thessaloniki [37] 
Month Average 
Temperature 
ο
C 
(24hour) 
 
January 5,3 
February 6,8 
March 9,8 
April 14,3 
May 19,7 
June 24,5 
July 26,8 
August 26,2 
September 21,9 
October 16,3 
November 11,1 
December 6,9 
 
 
Table 9 Climatic data of Hellenic National Meteorological Station, monthly, Thessaloniki [38] 
Month Average Temperature 
ο
C Humidity Rainfall Winds Rain 
 monthy max min % mm Speed 
kt 
Direction Days 
January 5.2 9.3 1.3 76.1 36.8 5.8 NW 11.8 
February 6.7 10.9 2.2 73.0 38.0 5.9 NW 11.3 
March 9.7 14.2 4.5 72.4 40.6 5.5 NW 12.4 
April 14.2 19.0 7.5 67.8 37.5 5.4 NW 11.2 
May 19.6 24.5 12.1 63.8 44.4 5.1 NW 10.7 
June 24.4 29.2 16.3 55.9 29.6 6.0 NW 7.5 
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July 26.6 31.5 18.6 53.2 23.9 6.5 NW 5.9 
August 26.0 31.1 18.3 55.3 20.4 5.7 S 4.7 
September 21.8 27.2 14.9 62.0 27.4 5.4 NW 5.9 
October 16.2 21.2 10.8 70.2 40.8 4.9 NW 8.7 
November 11.0 15.4 6.8 76.8 54.4 5.0 NW 11.5 
December 6.9 11.0 3.0 78.0 54.9 5.4 NW 12.5 
 
4.8 Retrofitting Vila Allatini  
What we discussed at subchapter 3.2 presented the various systems to control and lower 
energy consumption in the listed building context with its specific constraints. Chapter 4 
presented in detail the case study of Vila Allatini and this subchapter 4.8, will suggest 
possible ways to introduce such systems at this specific case study. These measures can be 
divided on measures implemented on the building itself and on measures implemented on the 
building surrounded.  
 
4.8.1 Envelope Refurbishment  
Measures implemented on the building include: 
 
 
Thermal insulation 
Of course, no retrofit interventions in the building envelope, the walls, the roof, and the 
windows will make sense if estimated U and R values are not presented regarding the 
existing situation. KENAK [7] have such values and under this Regulation we will 
investigate all the measures taken for the retrofit.  
 
The study building belongs to the first category regarding the maximum permitted heat 
transmission coefficient, the U value, since its building permit was issued before the 
establishment of  the Regulation of Energy Performance of Buildings (KENAK) (4
th
 of July 
1979), period during which there was no requirement for insulation of the buildings. [7] 
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Given that Vila Allatini is constructed before 1981, while there was no Insulation Regulation 
under effect, it is not insulated. The U-value for non-insulated wall, ceiling and roof 
construction is given in KENAK (TOTTEE 20701-1/2010, tables 3.4.a, 3.4.b) for buildings 
before 1981. [7] We take the values referring to the climatic zone C. The respective U-value 
after the renovation should be in accordance to the values given in KENAK for new 
constructions (TOTTEE20701-1/2010, table 3.5). [7] The U-values before and after the 
renovation as well as the thickness of insulation needed to reach the desired KENAK value 
are given in Table 10. The calculation of the material thickness is performed using extruded 
polystyrene with λ=0.0035 taken from [7] and for the insulation of the windows using the 
double glazing low emissivity windows with wooden frames since we cannot interfere with 
the aesthetics of the building which has a U-value of 2.1 (W/m2 K) taken from KENAK 
(TOTTEE 20701-1/2010, table 3.12. [7] 
 
Basic functions used for the calculations:  
 
  
 
 
  (  K/W) (4.1) 
Where:  
 
R (  K/W) Resistance to the heat flow  
D (m) thickness layer  
λ (W/(m K)) coefficient of thermal conductivity 
 
The heat transmission coefficient is calculated by the general formula 
 
  
 
 
 (    K) (4.2) 
 
Table 10 Building envelope refurbishment characteristics 
Construction 
element 
U-value 
(W/m2 K) 
without 
insulation 
U-value 
(W/m2 K) 
with 
insulation 
R-value 
(  K/W) 
before 
R-value 
(  K/W) 
with 
R insul. = 
R 
(KENAK)-
R init. 
D= R*λ 
(m) 
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(before 
1981) 
(KENAK) insulation 
initial 
insulation 
(KENAK) 
(  K/W) 
 
Masonry wall 2.20 0.70 0.45 1.43 0.98 0.034 
Concrete 
wall 
3.40 0.70 0.30 1.43 1.13 0.04 
Roof 4.70 0.50 0.20 2 1.80 0.063 
 
Window replacement 
Table 11 Building envelope refurbishment characteristics 
Window 
 
U-value 
(W/m2 K) 
R-value 
(  K/W) 
Old wooden 
frame with single 
glazing 
7.9 0.12 
New window 
with replacement 
of old frames and 
double low-e 
glazing 
2.1 0.47 
 
Regulation systems 
 
Lighting systems 
Refurbishment of the lighting system is a very cost-effective measure with the usual payback 
period of less than 12 months or in some cases even less than 6 months. For example, 
replacing old fittings with new T5 lamps in a building that uses outdated T12 fluorescent 
lighting achieves significant energy reduction. Apart from improving lighting quality in the 
space this provides a 50% energy reduction even before the installation of lighting controls. 
 
Cooling systems 
Ceiling fans have a favorable influence on cooling and create a gentle air movement in the 
space. The use of ceiling fans can lower the consumption of energy for mechanical cooling 
(air-conditioning). 
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Automation systems 
Occupancy sensors for light control 
An occupancy sensor automatically turns the lights on upon detection of motion and turns the 
lights off automatically after the area is vacated. 
 
Thermostats and circuit sensors that turn HVAC off when windows (and/or doors) are 
opened 
Replacement of the high temperature heating system with a four-pipe low temperature 
heating and cooling system equipped with zone thermostats and three-way control valves 
 
Timers and differential thermostats for night ventilation/structural cooling when outdoor 
temperature is lower than indoor and lower than a given upper threshold. 
Time control of the heating/cooling achieved by individual room thermostats and window 
sensors placed within offices with natural ventilation and temperature control of spaces 
heated by radiators achieved with thermostatic valves. 
 
 
 
Thermostatic valves for radiators 
Installation of thermostatic valves on existing radiators. With the implementation of this 
measure the uncontrolled overheating of the vacant spaces and even the offices is prevented 
as well as the unnecessary operation of gas. 
 
Measures implemented on the surrounding include: 
 
Changing the pavement and surface materials 
Pavements and surface materials contribute to the Urban Heat Island phenomenon in an 
urban area by affecting the microclimate significantly. The most common materials that are 
used on pavements are concrete and asphalt. These materials have low reflectance and low 
emittance. Due to the low values of reflectance and emittance, they absorb and store solar 
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radiation, developing high surface temperatures. For this reason for the needs of the 
simulation of the retrofitted scenario we changed these materials to lighter-colored concrete 
material. The light-colored materials have high reflectivity and lower surface temperatures 
than dark-colored materials. Unfortunately the simulation program used does not yet gives a 
range in options of materials such as cool or phase change materials for instance. [39] 
 
Increase the surrounding greenery 
It is analytically described at chapter 3.1.2 how the microclimate is enhanced when 
vegetation is increased.  
 
For this study due to time and legal limitations as aforementioned at chapter 2.1, the issue of 
ameliorating the building’s energy performance is approached through the a simpler 
interference in the surrounding open space, taking into account that landscape alterations may 
have a significant impact on building thermal performance. This is corroborated by the 
ENVI-met 3.1 results presented at chapter 6.  
5. The Effect of Microclimate 
The aim of this part of the dissertation is to understand how the surrounding environment 
influences the microclimate, as well as the thermal comfort and hence the energy 
performance of a building. The green area covered with trees, the built up mass, the 
appropriate use of materials and the existence of water bodies are the main parameters that 
affect the urban environment. Thus, this chapter concerns the use of the ENVI-met 3.1, for 
the investigation of the alternative solutions available and the quantification of their impact 
on the buildings and on open spaces. 
 
Firstly, an introductory section is presented about the familiarization and the understanding of 
the simulation tool’s operation. In this part of the dissertation, the study area is monitored in 
order to investigate the changes on the microclimate based on a scenario in terms of a 
combination of trees-vegetation and finish materials. Accordingly, the objectives of the 
simulation tool are two. The first one is to define the effect of the parameters on the 
microclimate and thermal comfort conditions and the second one is to investigate the 
potential of interventions that could be implemented. 
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5.1 Measurements 
 
5.1.1 Thermography 
The thermography took place at 12:00, 1st of December of 2015. The outdoor air temperature 
was 17  and the relative humidity was 61%. The weather was not sunny, the solar radiation 
was obvious only at the corner of the west side, and main façade of the building. It was not 
raining meaning that the envelope of the building was not affected by extra humidity. The 
wind speed was 0.52 m/sec and the wind direction was 20.2 degrees. The data were taken 
from the meteorological station of Aristotle University of Thessaloniki. [40] The indoor and 
outdoor temperatures do not have such difference between them. Ideally the photos should 
have been taken without solar radiation at all and with indoor and outdoor temperatures with 
a bigger difference. There was not possibility of entering the building later in the day, hence, 
there is a presentation of the thermal images taken with the specific climatic parameters 
below, with some representative commenting. Next to the thermal images they are presented 
the corresponding digital images helping with the understanding of the analysis. 
 
The photos were taken with a Flir T620 thermal imaging camera, from a distance of 10m. 
from the building, set on the red brick option regarding the material of the envelope of the 
building with emissivity coefficient of 0.95. 
 
Figure 36 East façade of the building 
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Figure 37 east façade of the building, right and left corners correspondingly 
 
 
Figure 38 Detail of east façade, window 
Comment: Figure 38 depicts the east façade of the envelope of Vila Allatini. The hottest spots 
consist the door and the windows. It is the poor interface of single glass and old cracked putty 
that make a good thermal bridge, as well as the leaky connection between the window frame 
and a non-insulated brick perimeter. It must be noted that the highest temperatures are 
observed where the window is open and what is actually measured is the radiative 
temperature of the interior space. Also this means that indoor temperatures may be relatively 
high though this doesn't show on the thermographs. The tree and the west part of the façade 
show high radiative temperature due to the sun hitting directly on them. The average highest 
temperature (Figures 36, 37, 38) is 19°C. The old wooden door presents losses of heat 
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obviously. The coolest parts are those of the red brick wall. Figure 37 has the lowest 
minimum temperature, 4.9°C due to the marble material of the stairs.  
 
 
Figure 39 West, façade of the building, left corner  
 
Comment: Figure 39 depicts the west façade of Vila Allatini. The hottest spots are the 
windows following with very small difference the red brick wall. The tree and the shaded 
parts of the building show obviously small radiative temperature.  
 
 
Figure 40 West façade of the building, main view 
 
Comment: Figure 40 depicts the main entrance of Vila Allatini at the west façade of the 
envelope. The hottest spots are the door and the windows. We observe that there is a window 
that is half open and thus depicting the higher radiative temperature of the indoor 
environment. The hottest spot as aforementioned are the parts of the envelope that there are 
heat losses.  
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Figure 41 West façade of the building, right corner  
 
Comment: Figure 41 depicts the right corner of the main west façade. It is observed that the 
maximum temperature here is 14.3°C whilst at Figure 39 the maximum temperature due to 
the sun is 29.9°C. The hottest spots occur at the windows once again. 
 
 
Figure 42 North façade of the building 
 
Comment: Figure 42 depicts the north façade of Vila Allatini.  The hottest spots as at all the 
previous examples occur at the windows. Also it is observed that some spots of the building’s 
façade are hotter in comparison with the general surface of the wall. This could be steel 
profiles or concrete beams introduced after the earthquake to reinforce and stabilize the 
building. Alternately it could be a thinner part of the wall – a groove - where the roof trusses 
are seated. 
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Figure 43 South façade of the building 
 
Comment: The south façade is obviously shaded by a tree and this provokes a fluctuation in 
the temperatures depicted in Figure 43. At the parts that are shaded the temperature is at 12°C 
while at the unshaded parts the temperature is at 17°C. The hottest spot is depicted again in 
the window. It must be stated though that the minimum temperature of the south façade 
regardless of the shading factor, is 3°C to 4°C above than the minimum temperatures of the 
other facades of the building. The orientation of course explains this difference. 
 
 
Figure 44 South façade of the building, half of the basement depicted 
 
Comment: Figure 44 as at the previous one, has some parts of the wall shaded and some 
unshaded and this creates a temperature fluctuation. Also the hottest spots are once again the 
windows.   
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Figure 45 Internal thermal image, ground floor and access for guests 
 
Comment: Figure 45 is an internal thermal photo at the ground floor of the building where 
there is an entrance open for the public. The hottest spots occur at the upper part of the wall 
and across the staircase. Since there is not insulation at all, cavities create this problem. There 
is an air transferring heat by convection. The indoor temperature is 17.3°C but it is because 
this part of the building is not used from personnel but it is the space available for the public 
to see the building’s indoor decoration as well as some historical information of the period 
that it was constructed. 
 
 
Figure 46 Internal thermal image stair to 1
st
 floor 
 
Comment: Figure 46 depicts the staircase that leads to the 1
st
 floor of the building. The 
temperature obviously is higher than the temperature of the ground floor. There are some hot 
spots occurring on the right of the photo at the wall that leads to the basement and at the wall 
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on the left that leads to the first floor. These are probably the existence of thermal bridges due 
to humidity or lack of insulation.  
 
5.2 Simulation of Microclimate 
 
5.2.1 ENVI-met Simulation Tool 
The software of ENVI-met is a three-dimensional microclimate model that can be 
implemented in fields such as urban climatology, urban planning, landscape architecture, 
building design or environmental planning. It is designed to simulate the surface-plant-air 
interactions in an urban environment with a typical horizontal resolution of 0.5 to 10 m in 
space and a typical time frame of 24 to 48 hours with a time step of 1 to 5 seconds. This 
resolution allows to analyze small-scale interactions between individual buildings, surfaces 
and plants. [5] 
 
Its function is based on the fundamental laws of fluid dynamics and thermodynamics. Its 
holistic approach is related to its interactive manner of working from atmospheric dynamics 
to soil physics, vegetation factor to building indoor climate. [5] 
 
All systems, from soil hydrology to building energy simulation are calculated in one big 
model, allowing them to interact and adopt like a real environmental system does and finally 
store it in a file. The ENVI-met system will provide high-resolution data for any of these 
components, being it one building out of 500 or one tree within 1.500 trees. It is suitable for 
the assessment of thermal comfort conditions in high definition (up to 0.5 m x 0.5 m). [5] 
 
The analysis consists of two steps. The first step implies that an input file of the area 
investigated must be created. The file consists of a main model area divided into grid cells, 
whose size are defined by the user. The model can cover areas from 100m x 100m up to 1km 
x 1km with a grid size extending from 0.5m to 5m. The input data necessary for the program 
to run are the climatic data such as air temperature, wind speed and direction and humidity, 
data for the buildings such as indoor temperature, heat transmission of the building elements 
(u-values) and albedo values for both walls and roof. It is also required to insert the longitude 
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and latitude of the studied area. The second step of the simulation process is the creation of a 
configuration file. The main configuration file consists of the name of the simulation, model 
area and output files, the date and time the simulation will start, the total simulation time and 
climatic data. Different sections can be added to the configuration file as well. If no 
additional sections are added, the default values that exist in ENVI-met are used. After these 
files are created the model can be run. There are three versions available depending on the 
size of the model grid. The three versions are 100x100x30, 180x180x30 and 250x250x30. 
The model generates a large amount of output files. The output files contain all data 
regarding the state of the model, in specific the atmosphere, surface and soil output data. 
These files are binary files that can be visualized with the LEONARDO software through the 
creation of two dimension maps. XTract software can be used as well. 
 
5.2.2 ENVI-met Limitations 
The ENVI-met model has some limitations that should be taken into account. Firstly the 
model can be used only for micro-scale modelling and the model times are limited. 
Additionally the only features of the urban environment that can be designed in the model 
area are buildings, ground material such as soil and paving materials, trees and vegetation. 
Shading structures for example cannot be created. It should be pointed out that the buildings 
in the model all have the same indoor temperature and no thermal mass along with the same 
albedo and thermal resistance for walls and roofs. These parameters cannot be different for 
individual buildings making the model unrealistic, which is a significant limitation. 
Furthermore, water bodies are part of the soil profile and thus only still water can be analyzed 
making it impossible to add fountains to the model. The new version of ENVI-met 4.0 has 
implemented the 3D model but unfortunately it is not yet fully supported. Therefore for this 
thesis the 2D model was used.  
 
5.2.3 Simulation Process 
Input Data for Vila Allatini 
 
As mentioned above the first step of the simulation process is the creation of an area input 
file. For the creation of Vila Allatini’s area input file a grid size of x=1m, y=1m, z=1m is 
used. The total number of grid cells along the x axis are 55, the y axis 55 and the z axis 28 
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grid cells. Six of those grids on the left and right side of the model and six of them on the top 
and bottom were added so the buildings could have a sufficient distance from the model 
border (Figure 36). The model area is not rotated. The buildings situated on the north 
boundaries of the model are created with an average height of 15 meters. The buildings 
situated on the south boundaries of the model are created with an average height of 6 meters. 
The buildings situated on the east boundaries of the model are created with an average height 
of 6 meters. The buildings situated on the east boundaries of the building are created with an 
average height of 15 meters. The Vila Allatini building is created with a height of 12 meters 
and the smaller buildings at the surrounding area with a height of 4 meters. The second step 
necessary to run the model is the creation of the configuration file. The simulation started on 
the 21 of July from 07:00 and lasted for 24 hours. The total simulation time is 36 hours. The 
initial temperature that was used for the simulation was the average monthly temperature of 
July which was equal to 26.6°C. The wind speed inputted was 6.5 m/s. An average was not 
taken for this value since it is recommended to use values over 0.5 m/s in the model. The 
wind direction was 315°. The relative humidity was taken as 53.2%. The model ran at the 
100x100x30 version. The outputs produced from the model were visualized through the 
LEONARDO software and will be discussed in the next chapter. 
 
5.2.4 Simulation Scenario 
For both the reference and redesigned case (Figures 47, 48) the modelled areas are presented 
with grey and a range in green colored shapes. The grey colored shapes represent the 
buildings whilst the light colored green shapes represent the ground areas covered with grass 
and the different green colored shapes represent the different kind of trees. At both (Figures 
47, 48) Vila Allatini is pointed with a red arrow. 
 
5.2.4.1 Reference Case 
For the reference case the surface around the building is covered with concrete pavement 
grey and concrete pavement light grey materials. The soil is loamy and there are asphalt roads 
at the urban area around the building. The grass consists about 25% of the surrounding area. 
The trees are 49 in total. More specifically forty 15m.very dense trees with distinct crown 
layer and 9 10m.very dense trees with leafless base.  
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Figure 47 Area input file for Vila Allatini reference case, 2d model 
 
5.2.4.2 Redesigned Case 
For the redesigned case is studied the combination of changing the materials of the surfaces 
of the surrounding area of the building and increasing the green areas and vegetation. The 
simulation is analyzed again in order to see what influence these changes have and to 
evaluate this influence on the surrounding area.  
 
With the use of the ENVI-met a simulation model is analyzed after the surface material, 
namely the concrete tiles, is altered. It is assumed that the concrete paved grey area is coated 
by a concrete pavement light grey. The soil is loamy and the asphalt roads at the urban area 
around the building remain the same. The vegetation is altered with the use of grass covering 
about 75% of the surrounding area of the building. Also, trees are added and more 
specifically using the simple plants option are added seventy-five 10m.very dense trees with 
leafless base, sixteen 15m.very dense trees with distinct crown layer and four 20m.very dense 
trees with distinct crown layer. The area is terms of space and maintenance needs is capable 
of supporting the above changes. The basic concepts of the alterations are based on a few 
facts. The southern area of the building should have only tall trees that will not block the 
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winter sun. At the east and west facades we should provide dense vegetation to avoid 
overheating in summer and at the same time ensuring breezes and blocking Vardaris. Lastly, 
rise in green ground cover, while as aforementioned at subchapter 3.1.2 it lowers the soil 
temperatures and enhance evaporative cooling. 
 
 
Figure 48 Area input file for Vila Allatini, redesigned case, 2d model 
6. Results 
In this chapter the results from the simulation of the microclimate and the thermal comfort 
conditions are presented. The LEONARDO 2014 software was used to visualize the results.  
 
6.1 Air Temperatures 
The output files from the ENVI-met simulation model were analyzed and visualized through 
maps with the use of the LEONARDO 2014 software. The air temperature at 1.50 meters was 
visualized for the surrounding yard of Vila Allatini at three different hours of the day. The 
results along with the maps are presented below. 
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Notes  
 
The first three and last three grids on both the x and y axis should not be taken into account 
since they are not part of the model area. The initialization of the simulation is early in the 
morning. Since the simulation starts at 07:00 on the 21/07/2015 results are available and 
analyzed until 07:00 22/07/2015. 
 
Table 12 Comparative analysis of air temperatures 
Time 
 
 
 
 
 
Average 
temperatures 
Reference case 
 
Average 
temperatures 
Redesigned case 
Difference in 
average 
temperatures 
 
12:00 23.4  22.4  1  
15:00 24.7  24.2  0.5  
18:00 23.7  23.3  0.4  
 
 
Air temperatures at Vila Allatini surroundings at 12:00  
From the visualization of the output file that was produced for 12:00 on the 21/07/2015 for 
the surrounding area of Vila Allatini (Figure 49) it can be seen that the temperatures in the 
area range from approximately 22°C to 24°C. It is observed that the areas covered with grass 
and trees have the lowest air temperatures in the area. The highest air temperature is noticed 
at the concrete tiles paved surfaces. The concrete paved surfaces have air temperatures 
ranging between 23.7°C and 24.2°C. This proves that the surface material does influence the 
air temperature even at a height of 1.50 meters. 
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Figure 49 Air temperature at 1.50 meters at Vila Allatini at 12:00, reference case 
 
 
Figure 50 Air temperature at 1.50 meters at Vila Allatini at 12:23, redesigned case 
Air temperatures at Vila Allatini surroundings at 15:00 
The air temperature results for the surrounding area of Vila Allatini that have been extracted 
from the simulation model for 15:00 have quite noticeable temperature differences (Figures 
49, 51). As the day gets warmer it is observed a difference of about 3°C at maximum 
temperatures prevailing at the area. The distribution of the temperature is almost the same as 
far as the redesigned scenario is concerned. The differences observed are mainly at the east 
and west facades of the building due to the vegetation and the change of surface material. 
However the differences are small and may not be worth analyzing further. To make this 
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clear, the difference of the maximum temperatures of the air temperatures of the area at both 
cases, reference and redesigned, is found to be 1°C. 
 
Figure 51 Air temperature at 1.50 meters at Vila Allatini at 15:00, reference case 
 
Figure 52 Air temperature at 1.50 meters at Vila Allatini at 15:43, redesigned case 
Air temperatures at Vila Allatini surroundings at 18:00 
The temperature distribution in the area is altered during the day (Figures 53, 51, 49). At 
18:00 the temperature distribution in the area is significantly different compared to that at 
15:00 and 12:00. It is observed a difference of 3.3°C between the three maximum 
temperatures prevailing at the area. The temperature for the reference scenario at 18:00 
fluctuates between 23.4°C to 23.86°C, less than 0.5°C. The difference is negligible meaning 
that at that hour of the day the distribution of the temperatures is similar. Also the differences 
between the two scenarios, reference and redesigned (Figures 53, 54) at 18:00 are negligible. 
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To understand this better the difference of the temperature at they are retrofitted at the west 
façade of the building is only 0.4°C. 
 
Figure 53 Air temperature at 1.50 meters at Vila Allatini at 18:00, reference case 
 
Figure 54 Air temperature at 1.50 meters at Vila Allatini at 18:23, redesigned case 
6.2 Surface Temperatures 
The output files from the ENVI-met simulation model were analyzed and visualized through 
maps with the use of the LEONARDO 2014 software. The surface temperature at 0 meters 
was visualized for the surrounding yard of Vila Allatini at three different hours of the day. 
The results along with the maps are presented below. 
 
Notes  
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The first three and last three grids on both the x and y axis should not be taken into account 
since they are not part of the model area. The initialization of the simulation is early in the 
morning. Since the simulation starts at 07:00 on the 21/07/2015 results are available and 
analyzed until 07:00 22/07/2015.  
 
 Surface temperatures at Vila Allatini surroundings at 12:00  
The highest temperatures are obviously observed where there are asphalt roads around the 
building and concrete pavements at the surroundings of the building in its yard. Of course it 
is observed that where there is existence of trees and vegetation, even at the outside area of 
the building the temperature decreases. For example north area across Ploutonos street the 
temperatures are fluctuating between 32°C to 36°C as observed for all the roads but the part 
where there are trees the temperature decreases to 26°C to 28°C. (Figure 55)The lowest 
temperatures are observed at the west side of the building which is interesting and is 
implicated with the angle of the sun. As it can be seen the west side is shaded at this hour of 
the day. (Figure 9). Also there is a significant fluctuation between the minimum and 
maximum temperatures. This proves the impact of green areas in comparison with areas 
covered with other materials like the asphalt. The difference between the maximum 
temperatures from the reference case and the redesigned one is only 0.5°C (Figure 55, 56), 
but the distribution of temperatures at the surfaces where at the redesigned is covered with 
trees and vegetation is quite different. More specifically, from distance of about 30m. 
depicted by the black arrows (Figure 56), at the west façade of the building the average 
temperature before the redesign of the surrounding areas is 26°C while after is 22°C, at the 
east façade the average temperature before the redesign is 33°C while after is 27°C, 7°C is a 
significant difference, at the north façade the average temperature before the redesign is 23°C 
while after is 22°C, the same more or less since there are tress at both cases and it is the 
façade of the building that due to its natural architectonic position is shaded and lastly, at the 
south façade the average temperature before the redesign is 32°C while after is 28°C, 
explaining that beside the fact that it is the façade that is most accessible by the sun, the green 
surface is provoking a 4°C surface temperature difference. 
76 
 
 
Figure 55 Surface temperature at 0 meters at Vila Allatini at 12:00, reference case 
 
 
Figure 56 Surface temperature at 0 meters at Vila Allatini at 12:23, redesigned case 
 
Surface temperatures at Vila Allatini surroundings 15:00 
The differences between the temperatures of the reference case and the redesigned one are 
negligible in comparison with the previous one of 12:00. More specifically, from distance of 
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about 30m. like shown in the previous map (Figure 56), at the north façade of the building the 
average temperature before the redesign of the surrounding areas is 27.5°C while after is 
26°C, at the south façade the average temperature before the redesign is 30°C while after is 
29°C, at the west façade the average temperature before the redesign is 27°C while after is 
24°C, and lastly, at the east façade the average temperature before the redesign is 25°C while 
after is 23°C. It is quite interesting the fact that while the time passes and the temperature 
rises at 15:00, the surface temperatures are lower and more specifically, the differences 
between the maximum temperatures of 12:00 with the maximum of 15:00 are 2.2°C and 
3.5°C before and after the redesign respectively.  
 
Figure 57 Surface temperature at 0 meters at Vila Allatini at 15:00, reference case 
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Figure 58 Surface temperature at 0 meters at Vila Allatini at 15:43, redesigned case 
 
Surface temperatures at Vila Allatini surroundings at 18:00 
It is of course the coolest case regarding the prevailing conditions in comparison with both 
12:00 and 15:00 cases. The maximum temperature is 29°C whereas at the previous cases are 
above forty which is a significant but logical difference since the sun is starting to set. Also 
the differences between the reference case and the redesigned one are negligible.  More 
specifically, from distance of about 30m. like shown in the previous map (Figure 56), at the 
north façade of the building the average temperature before the redesign of the surrounding 
areas is 23°C while after is 22°C, at the south façade the average temperature before the 
redesign is 22.7°C while after is 22.2°C, at the west façade the average temperature before 
the redesign is 23.5°C while after is 23.5°C, and lastly, at the east façade the average 
temperature before the redesign is 19°C while after is 21.5°C. It is quite interesting the fact 
that while the time passes and the temperature rises at 15:00, the surface temperatures are 
lower and more specifically, the differences between the maximum temperatures of 12:00 
with the maximum of 15:00 are 2.2°C and 3.5°C before and after the redesign respectively.  
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Figure 59 Surface temperature at 0 meters at Vila Allatini at 18:00, reference case 
 
 
Figure 60 Surface temperature at 0 meters at Vila Allatini at 18:23, redesigned case 
 
Observations 
As far as the differences between the air temperatures and the surface temperatures are 
concerned, it is observed that they are quite significant. Comparing the average maximums of 
12:00, 15:00 and 18:00 of air temperatures and surface temperatures respectively, it is 
observed a fluctuation of more than 10°C. This is explained due to the different absorptance 
of heat from the sun between the surface and the air.  
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7. Economic Analysis of Retrofit  
The economic analysis is one of the most important aspects but due to time limitations a 
theoretical approach of the economic analysis of retrofit methods and how this estimates the 
investment payback period for each energy-saving retrofit method will be presented below.  
 
7.1 Introduction to the Economic Analysis Method 
Economic analysis of retrofit methods assesses the investment payback period for each 
energy-saving retrofit method. The shorter the payback period, the more cost effective the 
measure taken. The methodology is essentially based on certain economic criteria analyzed 
below. Unfortunately though, due to time limitations it hasn't been further developed 
regarding this specific case study. In a future expansion of this or related projects it could be 
used as a basis for discussion. 
 
7.1.1 Net Present Value (NPV) 
Net Present Value (NPV) is the difference between the present value of cash inflows and the 
present value of cash outflows. NPV is used to analyze the profitability of an investment. 
 
The formula of calculation is the following: 
     
  
      
 
       (7-1)  
Where:  
Ct = net cash inflow during t years 
Co = total initial investment costs 
r = discount rate and 
t = number years  
To determine the viability of the investment we take into account the following rules: 
 
NPV > 0, viable investment 
NPV < 0, not a viable investment 
NPV = 0, viable investment with average internal rate of return equal to r  
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Generally the highest the NPV the more viable the investment.  
 
7.1.2 Internal Rate of Return (IRR) 
To calculate IRR using the above formula, one would set NPV equal to zero and solve for the 
discount rate r, which is here the IRR.  
 
           (7.2) 
 
There are many parameters when examining the IRR indicator, for example that without 
modification, IRR does not account for changing discount rates over time, hence it is not 
adequate for longer-term projects with discount rates that are expected to vary. For this 
reason here we assume that the discount rate is going to be the same for the 10 years that we 
use for our calculations. To determine the viability of the investment we take into account the 
following rules: 
 
IRR> r, acceptable investment 
IRR < r, not an acceptable investment 
 
Generally speaking, the higher a project's internal rate of return, the more desirable it is to 
undertake the project. 
 
7.1.3 Payback Period (PBP) 
Payback period is the indicator of the length of time in years, required to recover the cost of 
an investment, yet without taking into consideration the value of money over time. That is 
why we work with a combination of all three determinants of our cost-benefit analysis. The 
formula given below is for the calculation of PBP: 
 
PBP=C/R (7-3) 
 
C is the retrofit cost, 
R is yearly cost savings after applying energy-saving method [41] 
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8. Conclusion 
8.1 Conclusive Remarks 
This study aimed to evaluate the microclimate conditions in the surrounding area of Vila 
Allatini. The proved impact of the microclimate on a building’s energy performance is the 
reason for this research. This study aimed also to the familiarization of the possible energy 
retrofit measures regarding historical buildings. The study concluded through the simulation 
process that indeed the change in surface materials and rise in vegetation can achieve lower 
temperature and surface temperatures in summer and thus better thermal comfort conditions 
and lower energy consumption, expenditures and greenhouse gas emissions. 
 
Following the prevailing conditions of Vila Allatini were evaluated with the use of numerical 
simulation and thermography. As far as thermography is concerned the results show that the 
surface temperatures of the external walls of the building are quite low, in most cases even 
under 20°C, meaning that though uninsulated, the thermal mass of walls of the building can 
preserve adequate thermal comfort conditions and thus the need of external sources such as 
air-conditioners for example, can be redundant. Also, it is observed that the main heat losses 
are due to the uninsulated frames and single glass windows, which are proposed to be 
replaced as far as the retrofit measures for Vila Allatini are concerned.  
 
A simulation analysis was conducted and a redesigned scenario was studied. For the 
redesigned case it is assumed the soil is loamy and the asphalt roads at the urban area around 
the building remain the same. The concrete paved grey area is coated by a concrete pavement 
light grey. Also the vegetation is altered with the use of grass covering about 75% of the 
surrounding area of the building. In addition, trees are added and more specifically using the 
simple plants option are added seventy-five 10m.very dense trees with leafless base, sixteen 
15m.very dense trees with distinct crown layer and four 20m.very dense trees with distinct 
crown layer. It is studied the combination of changing the materials of the surfaces of the 
surrounding area of the building and increasing the green areas and vegetation. It can be 
observed what influence these changes have to the microclimate and to evaluate this 
influence on the surrounding area.  
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The air temperatures initially are examined for the reference case. At 12:00 are low, 22°C -
24°C (Figure 49) meaning that the existing green area at the building’s surrounding already 
makes the outdoor conditions quite pleasant. The highest temperature at 12:00 is observed 
where there are concrete paved surfaces. From the simulation model for 15:00 the air 
temperatures have quite noticeable differences (Figure 49). It is observed a difference of 3°C 
at maximum temperatures prevailing at the area. At 18:00 the temperature distribution in the 
area is significantly different compared to that at 15:00 and 12:00. It is observed a difference 
of 3.3°C between the three maximum temperatures prevailing at the area. Generally the 
results of the redesigned scenario show that the average air temperatures were not 
significantly altered. Specifically, at 12:00 the temperature is reduced by 4.2 %, at 15:00 by 
0.2% and at 18:00 by 1.7 %.  
 
The highest surface temperatures are obviously observed where there are asphalt roads 
around the building and concrete pavements at the surroundings of the building in its yard. Of 
course it is observed that where there is existence of trees and vegetation, even at the outside 
area of the building the temperature decreases significantly. The distribution of temperatures 
at the surfaces at 12:00 is quite different. More specifically, from distance of about 30m. 
depicted by the black arrows (Figure 56), at the west façade of the building the average 
temperature before the retrofit of the surrounding areas is 26°C while after is 22°C, at the east 
façade the average temperature before the retrofit is 33°C while after is 27°C, 7°C is a 
significant difference, at the north façade the average temperature before the retrofit is 23°C 
while after is 22°C, the same more or less since there are tress at both cases and it is the 
façade of the building that due to its natural architectonic position is shaded and lastly, at the 
south façade the average temperature before the retrofit is 32°C while after is 28°C, 
explaining that beside the fact that it is the façade that is most accessible by the sun, the green 
surface is provoking a 4°C surface temperature decrease. The surface temperatures at 15:00 
present an interesting decrease at the maximum temperatures of the reference and redesigned 
scenario of 2°C. At 18:00, it is of course the coolest case in comparison with both 12:00 and 
15:00 cases. The maximum temperature is 29°C whereas at the previous cases are above 
40°C which is a significant but logical difference since the sun is starting to set. Also the 
differences between the reference case and the redesigned one are not so altered. 
 
84 
 
It is expected that the green areas and vegetation that are added in combination with the 
change in the paved surfaces to influence the distribution of the temperatures. In most cases 
especially regarding the surface temperatures this is achieved. Nevertheless there are 
occasions that almost no alteration is observed. However, it must be taken into account that 
ENVI-met 3.1 has a few limitations that are discussed at subchapter 5.2.2 that influence the 
results of the area. Firstly the model can be used only for micro-scale modelling and the 
model times are limited. Additionally the only features of the urban environment that are 
redesigned in the model area ground material such as soils and pavements and trees and 
vegetation. Shading structures for example cannot be created. It should be pointed out that the 
buildings in the model all have the same indoor temperature and no thermal mass along with 
the same albedo and thermal resistance for walls and roofs. These parameters cannot be 
different for individual buildings making the model unrealistic which is a significant 
limitation. Furthermore water bodies are part of the soil profile and thus only still water can 
be analyzed making it impossible to add fountains to the model. 
 
By taking all the above into consideration it could be concluded that by changing the surface 
materials of an area, air and surface temperature reductions can be accomplished. It must not 
be forgotten that in the redesigned scenario the intervention happens on the surface materials 
and the reductions are noticed in the air temperatures at a height of 1.50 meters so even a 
slight change is noteworthy. From the simulation analysis that was conducted it is concluded 
that the use of lighter colored coatings is a promising intervention for this specific area since 
there are reductions observed. The use of grass combined with the use of trees have a 
significant impact on the amelioration of the microclimate of the surrounding area. In general 
all the studied interventions had a positive output. 
 
Concluding, the entire study stresses how important it is to upgrade the quality of outdoor 
spaces as it influences the quality of life of the dwellers and at this specific study of the 
building’s occupants. At the following subchapter 8.2 it will be noted how under specific 
features of the new version of ENVI-met, the upgrade can influence even the energy 
performance of the buildings at the surroundings and their possible interaction. The results 
clearly show that with the right interventions and the right combinations there is a great 
potential for the improvement of the microclimate and by extension the thermal comfort 
conditions in Vila Allatini surroundings. The results can be used as a guideline for a 
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sustainability oriented intervention process in architecture and landscape of similar buildings 
in the area of Thessaloniki or in areas with comparable climates. 
8.2 Trigger for Research and Further Proposals 
As it can be seen at chapter 6, the redesigned case has a positive influence both on air and 
surface temperatures. However there are many other cases that could be implemented 
regarding the surroundings such as the use of permeable surface materials or the use of water 
features or the combination of both and the increase of green areas, for greater impact. In 
addition, ENVI-met allows for the evaluation of the Predicted Mean Vote model (PMV) as 
well. The PMV index was introduced by Fanger in 1970 and evaluates thermal comfort on a 
nine point thermal scale. It applies only to long term exposure to constant environmental 
conditions and constant metabolic rate [42]. The model used in ENVI-met however is 
adapted to outdoor conditions, a model made by Jendritzky. In this model a different scale is 
used. [43] The measure of the percentage at each PMV of people that are not satisfied with 
the thermal environment is given by the Predicted Percentage Dissatisfied (PPD) index. PPD 
increases as the PMV deviates positively or negatively from zero [43]. Unfortunately though, 
still due to the strict time frame this factor is not presented in this dissertation but can be 
considered as a future prospect of this study. 
 
More importantly, it would be of great interest and a trigger for further research the issue of 
examining the real energy performance of the building in combination with this approach of 
the building’s energy performance affected by the microclimate. As aforementioned in the 
introductory part of the dissertation due to time and legal limitations the issue is approached 
through the lighter and simpler interference in the surrounding open space, taking into 
account that landscape alterations may have a significant impact on building thermal 
performance and this is corroborated by the ENVI-met results. A more thorough investigation 
is needed to investigate the thermal performance of the building as is and the retrofitting 
options simulated with EnergyPlus software. [44] 
 
Nevertheless an important part of the selection of improvement measures is the financial 
aspect. This needs to be taken into account for a more solid and over-all look at the issue. 
Finding the best solution is a matter of finding the fine line between the desired results and 
the economic feasibility of the measures. Unfortunately though, as aforementioned at chapter 
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7 due to time limitations it hasn't been further developed regarding this specific case study. In 
a future expansion of this or related projects it could be used as a basis for discussion. 
  
It is significant concluding with the recommendations for further research to point out some 
certain features of ENVI-MET 3.1 and how these features posed specific limitations in the 
final results. Also, there are going to be presented below the new features of the new version 
of ENVI-met 4.0 and how these increase the integrity of the use of the simulation program.  
 
In contrast with 2.5D geometry model, the one that was used for our simulations, the new 
editor features a full 3D mode in which every three dimensional grid cell can be assigned 
with plants or buildings. There are multiple advantages of this approach, such as, more 
accurate representation of architectural elements like balconies, individual materials for each 
façade element possible, three dimensional plants instead of ‘plant columns’ and enhanced 
visual feedback for user, including interactive analysis tools. An extra editor for the new three 
dimensional plants is also available. Model areas designed with an older version of the editor 
can easily be converted into the new format. As ENVI-met 4.0 also calculates the energy 
balance of buildings it is now also possible to define the borders of individual buildings or 
building zones within the editor. Version 4.0 of ENVI-met is a huge step forward in terms of 
accuracy and realism of the simulations. Due to the new 3D format there are no longer any 
limits to the architecturally detailed reproduction of the model area. Each façade element can 
be attributed with its own physical properties and the new calculation of the wall 
temperatures allow a much more detailed and realistic simulation of the urban micro climate. 
It allows a realistic comparison between measurements and simulations and facilitates to 
simulate specific scenarios, e.g. the impact of climate change on the simulation area. [45] 
 
Despite of the all the new progressed features after a number of trials of simulations, there 
were some characteristics that are not yet completely implemented and thus pose an obstacle 
to the desirable results. For example, 1D plants are defined in the Database editor while 3D 
Plants in Albero. After that, they are available in SPACES tool but SPACES at the moment 
does not support Project DBs, meaning that in reality the plants still cannot be simulated as 
real 3D plants.  
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Figures 61-62, are the presentation of the 3D modeled areas, before and after the retrofit 
measures correspondingly, posing a trigger for the future prospects of a research that will be 
able to implement all the advantages of the new version. The grey volumes represent the 
buildings whilst the green volumes represent the grass and trees at the surrounding area of 
Vila Allatini. The black arrows (Figures 60, 62) point to Vila Allatini. The heights of the 
volumes are physical. As it can be seen the volumes of the buildings remain the same at the 
redesigned case but there are red arrows that point the new vegetation. (Figure 62) 
 
Figure 61 Area input file for Vila Allatini reference case, 3d model 
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Figure 62 Area input file for Vila Allatini, redesigned case, 3d model 
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